Peroneal nerve entrapment is most commonly seen in the popliteal fossa. It is rarely caused by a ganglion. Intraneural ganglia, although uncommon and seldom cause serious complications, are well recognized and most commonly affect the common peroneal (lateral popliteal) nerve. Ganglionic cysts developing in the sheath of a peripheral nerve or joint capsule may cause compression neuropathy. The differential diagnosis should involve L5 root lesions, posttraumatic intraneural hemorrhage, nerve compression near the tendinous arch located at the fibular insertion of the peroneal longus muscle and nerve-sheath tumors. We present a unique case of a pure intraneural ganglion of the common peroneal nerve ascending along the sciatic nerve. This case underscores the importance of consideration of an intraneural ganglion cyst with sciatic nerve involvement.
InTRoduCTIon
The incidence of intraneural ganglion is relatively rare, but frequently affects the common peroneal nerve. The origin of the intraneural ganglion is controversial. While some authors propose that it is an extension of the ganglion from the proximal tibiofibular joint (22) , others suggest that the ganglion originates in the nerve itself (1, 15) .
Leg pain, sensory loss, and weakness in ankle dorsiflexion comprise a symptom complex that is most frequently caused by degenerative disc disease of the lumbar spine. However, isolated peroneal nerve compression can mimic the abovementioned symptomatology of lumbar disc disease. However, little is known about the patho-mechanism of the nerve palsy caused by an intraneural ganglion and the major problem is misdiagnosis. Misdiagnosis of intraneural and extraneural ganglia, including failure to identify the joint origin, is a common problem. Preoperative distinction of these entities is possible and crucial for optimum patient management.
Intraneural ganglia are uncommon and many radiologists and surgeons may encounter these lesions very rarely, if at all, during their practice. As a result, the small joint connection may be unrecognized and untreated, resulting in a very high rate of recurrence (27).
We present a unique case of compression neuropathy of the common peroneal nerve with sciatic nerve involvement caused by an intraneural ganglion which was misdiagnosed as lumbar discopathy previously. We emphasize the importance of the evaluation of this rare case with magnetic resonance imaging (MRI), electromyography (emg), and ultrasonography as well as the treatment modalities.
CASE REPoRT
A 22-year-old man presented with numbness and motor weakness in the lateral aspect of his right leg, present for 3 year, after the onset of severe pain. His medical history revealed a single episode of numbness, motor weakness and pain in his right leg which had caused hospitalization and resulted in the misdiagnosis of lumbar disc herniation. At that time, the patient was offered microdiscectom but was not willing to undergo surgery. The patient was unable to extend his right ankle and had a partial motor weakness of toe extension when he was referred to our hospital. Manual muscle testing of the right tibialis anterior, extensor hallucis longus, extensor digitorum longus, and peroneus muscles revealed muscle strength at the level of 2 (trace), 2 (trace), 3 (fair), and 3 (fair) respectively, according to the Daniels and Worthingham muscle power grading system (five grades: 0=zero to 5=normal) (12) Diminished sensation in the first web space, an area of tenderness over the region of the fibular head, and a positive Tinel's sign near the head of the fibula on the right foot were also detected during the examination. No mass lesion was palpable.
EMG revealed a severe right common peroneal neuropathy below the branch leading to the short head of the biceps femoris muscle, which predominantly affected the common peroneal nerve. No abnormality was found in the muscles innervated by the tibial nerve. However, further investigations were needed to identify the pathology. Ultrasonography was performed in order to compare the left and right peroneal nerves. A diffuse enlarged echolucent structure was seen along the course of the right common peroneal and sciatic nerve. This mass lesion was traced for 15 cm from the lateral aspect of the popliteal fossa and involved the sciatic nerve up to the buttock.
Magnetic resonance imaging revealed a lobulated welldemarcated cystic lesion at the posterior lateral knee region along the course of the common peroneal and sciatic nerves. This lesion had a cystic component at the bifurcation point of the sciatic nerve into the common peroneal nerve and the tibial nerve ( Figure 1A , B).
We identified the cystic formation at the bifurcation of sciatic nerve per-operatively, as anticipated pre-operatively. Common peroneal and sciatic nerves were diffusely enlarged in the vicinity of this huge cyst. An intraneural cyst along the common peroneal and sciatic nerve was identified and decompressed, but not was not resected (Figure 2 ). The tumor had no connection with the proximal tibiofibular joint or with the knee joint. Histopathological evaluation of the decompressed gelatinous material verified the diagnosis of ganglion ( Figure 3 ). The patient recovered to Grade 3 toe extension and ankle dorsiflexion within a couple weeks after the surgery. There were no clinical signs of recurrence during a short follow-up period.
dISCuSSIon
Ganglion cysts are benign mucinous lesions that typically occur near the joints so that they may affect adjacent nerves by a mass effect. These cysts may be classified as intraneural or extraneural. Although they are rare, intraneural ganglions located within the substance of nerves, they may cause direct nerve compression as in our case. The ganglion cyst was located intraneurally and caused compression of the common peroneal nerve in our patient. Foot weakness was therefore the presenting symptom.
Intraneural ganglion cysts are usually located within the epineurium of the nerve. The mechanism underlying their formation has been controversial since the first published description of such a case in the English literature was over one-hundred years ago (11). Hartwell described involvement of the median nerve by a ganglion in 1901 (11). Brooks described 13 cases of peripheral nerve compression due to ganglia in 1952 (2) .Three of these 13 reported cases involved the peroneal nerve. Stack et al. (28) described 9 cases of compression of the peroneal nerve in 1965. Synovial cysts compressing the peroneal nerve may be extraneural or intraneural (7) . Nevertheless, Brooks (2) suggested that these are anatomical variants of the same entity.
The common peroneal nerve is one of the main branches of the sciatic nerve and it arises near the upper level of the popliteal fossa. The nerve has a course along the lateral aspect of the popliteal fossa and around the fibular head, it divides into the superficial peroneal and deep peroneal nerves. It is responsible for the motor supply to all the dorsiflexor and everter muscles of the foot and for the sensory innervation to the anterolateral aspect of the leg proximally and to the dorsum of the foot. Hence, a lesion of the common peroneal nerve would result in foot drop. Additionally, it gives off at least four articular branches during its course, one of which is the recurrent articular nerve that supplies the superior tibiofibular joint (3).
These cysts are commonly accompanied by signs of nerve irritation such as numbness, tingling, and pain in the distribution of the affected nerve. A mass may also be palpated along the lateral aspect of the knee in proximity to the fibular head. Tinel's sign may also be present. Except for the palpable mass, our patient had all of the symptoms suggestive of peroneal nerve involvement and we think that this symptomatology in the absence of a palpable mass lesion was the major factor that misled the neurosurgeon and resulted in the misdiagnosis of lumbar discopathy.
Regardless of the origin of the intraneural ganglion, a thorough understanding of the pathomechanism of the common peroneal nerve palsy is very important in treating the lesions accordingly. There has been controversy regarding the origin of the so-called "intraneural" ganglion (1, 22) . While some authors reported an apparent connection between the ganglion and the proximal tibiofibular joint, others, including ourselves, found no such connection in our patient. Poppi et al. reported a purely intraneural ganglion (23) . Our surgical observations and radiological features did not show any connection between the ganglion and the proximal tibiofibular joint. Thus, this case can be considered a purely intraneural ganglion as reported by Poppi et al.
We found very few reported cases of an intraneural ganglion that involved the sciatic nerve (10, 14, 16, 17, 29) . There are three potential mechanisms regarding the formation of ascending peroneal intraneural ganglion cysts to the level of the sciatic nerve without cross-over or terminal branch descent (10, 16, 29) : (1) dissection within the inner epineurium, (2) the presence of a high sciatic nerve bifurcation, as is known to occur in approximately 10% of cadavers, with two distinct but contiguous outer epineuria separating the common fibular and tibial nerves, and (3) unrecognized cyst involvement in the other nerves. We believe that sciatic nerve involvement in this case occurred as a result of dissection within the inner epineurium although we could not find convincing evidence.
Ultrasonography or MRI can be used as the imaging technique to confirm the diagnosis (20) . Both imaging techniques were performed simultaneously in the present case. USG is an effective, cheap and noninvasive diagnostic method to identify the cyst. Ultrasound demonstrates the cyst as a wellcircumscribed and anechoic lesion (5, 17, 18, 19) . However, it does not provide a clear definition of the surrounding tissues (5). MRI may be used to identify the anatomical relation of ganglion cysts should be considered in the differential diagnosis of progressive peroneal or sciatic nerve palsy. Other clinical entities that should be considered in the differential diagnosis include L5 root lesions and nerve sheath tumours arising from the lateral compartment of the knee. The treatment of peroneal intraneural ganglion cysts must be surgical intervention as soon as possible and include decompression of the nerve with excision of the tibiofibular joint connection to prevent peroneal nerve palsy and recurrence. the cysts to the joint and surrounding structures, as well as to evaluate the presence of associated knee abnormalities. A detailed examination seems to be an obvious advantage of MRI, but it is more expensive than USG. The MRI appearance of peroneal intraneural ganglia is stereotypic and can be reliably distinguished from extraneural ganglia. Peroneal intraneural ganglia are tubular and follow the course of the articular branch (26) . Although we performed MRI, the articular branch was not affected by the peroneal intraneural ganglion.
Other imaging modalities such as CT and arthrography can be used for the diagnosis of an intraneural ganglion cyst. CT shows the ganglion as a round, sometimes bi-or multiloculated mass with a thin and well defined wall that does not enhance after contrast agent administration. The relationship between the cyst and the nerve may be best evaluated with high resolution CT (6, 21) .
The preoperative diagnosis of peroneal intraneural ganglion has been difficult to establish and superior tibiofibular joint connections may not be identified. Misdiagnosis leads to incomplete treatment in that the articular branch connection may not be addressed which can result in cyst recurrences (26) .The radiographic features of ganglia are distinct. Ganglia should be easily differentiated from other cystic and solid mass (such as schwannomas, myxomas or synovial sarcomas) by the lack of contrast enhancement and the identification of a joint connection (20) .
The differential diagnosis should include L5 root pathology, posttraumatic intraneural hemorrhage, nerve compression near the tendinous arch located at the fibular insertion of the peroneal longus muscle and a nerve sheath tumor (8, 9, 13, 24) . Positive Tinnel sign and tenderness at the lateral aspect of poplitea near the fibular neck were the keys to differentiating the L5 root pathology in our patient. Further investigations can be done to avoid a misdiagnosis.
The most reliable technique of treatment involves complete surgical excision of the cyst, given that the recurrence rate for aspiration of an intraneural ganglion alone has been reported at about 30% (4). Moreover, It is recommended that the treatment must be as simple and conservative as possible, requiring either decompression or -if feasible -total removal of the cyst. This should be accompanied by ligation of the stalk/ pedicle, and most importantly the articular branch of the peroneal nerve should be sectioned to prevent recurrence (25) .
Simple and conservative surgery was planned in our case of pure peroneal intraneural ganglia ascending along the sciatic nerve. A longitudinal epineurial incision was made away from the fascicles, centered over a cystic bleb. Gelatinous material was evacuated under some pressure. The limited epineurotomy decompressed the cyst effectively without causing any obvious neural injury.
In conclusion; this case underlines the importance of consideration of an uncommon, pure peroneal intraneural ganglion ascending along the sciatic nerve. Intraneural
